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(54) MICROWAVE PLASMA PRPCESSING DEVICE 

(57)Abstract: 

PURPOSE: To stably generate a plasma, by suppressing 
the abnormal reflection of the plasma due to the 
different level of a waveguid path, through filling a 
microwave introducing port Ic and part of a plasma 
generating chamber 1 with a microwave transmitting 
substance; and by unifying electric field distribution in 
the chamber, through changing the shape and thickness 
of the substance. 

CONSTITUTION: A cavity resonator is constituted of a 
hollow cylindrical tube having water-cooling structure in 
a chamber 1. An inlet 1c and a plasma drawing port 1d 
are formed on upper and lower parts respectively, and 
introducing windows 8 and 9, comprised of a transmitting 
substance, are provided in the inlet 1c. The diameter of 
the window 9 is nearly equivalent to the diameter of the 
chamber 1, and the thickness is made the integier 
magnification of a 1/4 propagation wavelength to 
prevent reflection. Gas is supplied through gas pipes 1g 
and 3g, thereby generating the plasma by ECR in a 
chamber 1 by an excitation coil 4. 
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(2) 

1 

M-r2)«il3:/^Xv^^^(D«agt-eK>^6&f®tc:tofc-3 

ofe#A^t smTv:*^ c: t urn. 
7'5X-7i!iagB. 

[»*JS3] V-fi7Dig»AP*SMP3nfc:/9X-7 
«t''il>gCT» < «5a{c b V^J¥ 

Xvgi m p *t5i p s nit^t: J; o T*igggW;^«iS 
cDv-f D«[::/'5Xv^!!iS^B; 

[0 0 0 1] 

S&ff-5-7'i'i7ni6:/^XvJ!ia^«. ^Ic^^-y-^i^ 50 
nhn>*q» (ECR) SfiJfflbfcV'f i/oifeT'^XT 

[0 0 0 2] 

nS[S#AL., ;tfxiS:«S:^e$-e-T7'^X-7Sr^fS$ 
■tir, 2:©:3'7Xv*tt«BJSS(D«mfcMlfr«C.J:lcJ; 

t), xyg^>i^, «iKj^^^©ffia*ff5:/7Xv«aa 

[0 0 0 3] l^fc, fi:^;XBE*«J^Tett«©iSVi7'7 40 

X-7^£^)ES-e€r^;^}*tLT, WfiSSv^f ^p&t'^X 
v^B. «f{c«T-y--i'^nhD>*iii (ECR) m^\z 
± D T'^xv^r^^^-e-^s^^iitt^affisnTVi^, 

[0 0 0 4] 01 3«I<;/g^>i^ilBtL.T«l*Kbfctie 

(ECR) ae&fiifflt-s^7X-7M3agfi©»aE»r®i2i 

[0 0 0 5] r^^Xv^^^l 3«. J^^TjC^A^a 1 
«3 1 bT^iStlfcV-f^DiSgSAP 3 1 cifim^^ 50 
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2 

HfcTaPSf ^(C^WIBv-f^niS^AP 3 1 c t 
^tlR)-rSfirBtc:/7Xv5IWP3 1 d/^tJ^^^tlTVi 
■5. MI3v-f i^D}S«A^3 1 bfctt^asg&BI^UJ&ti 
v< i7 oiS5gSSfc«i^bfc#S!c«3 2 0-SS*tg5i^$ 
n, Sfc>'9XTgiaP3 1 d(cBS*1irTiS!|Ef^3 3* 
E^U, Ktc«i8{ctt::/"7X-7^fiK^3 i&c;::ntcS 
j^S nfcJUStf 3 2 o-«SfiS{ct)&o T ::n & SHtrJB 
tR'£.'.R*t»ra?Kn'f JW3 4 SBEiaLTl'i 

•5, 

[0 0 0 6] iii|Ef^3 3rt{Cl4ttrtB7'5Xv§imP 3 1 

fcJ;oT«J!aWffi{c«BSn, 47S:K)fsf^3 3©Ta5S 
3 3 a^tJ^^KSnTVi-S, 

[0 0 0 7] :^X^Si&?S3 1 g> iJT.m^W^z 1 gtt-?- 

n-^n7'5Xv*fK^3 1. a^sf^3 scsi^snTVi 

}^l31*«il&»3 1 h iJ^SI*^*?^ 3 1 i {Cj;-3T 

[0 0 0 8] ;i®J;57ax-y5^>;ySST». :/^X^ 
^^^3 1. tt^Bf^S 3F*3&mMCDJE:^*-e^tSS^mL 
fc^. 7'^Xv**KS3 ii*ifr:«xtt*&»3 1 g&SD 
Tv Rlf®<73:^fXJE:^:0t#etiS<t'5tc:*fXS«i^-r^. 
■eUT, ®a3-i';i'3 4fcJ:oT:?'7Xv**£^3 irt 
fc«^U--firD hD>*iS (ECR) ®eic«2vS;^88# 
■T'f^DffifegfA«*:/M/T:/7XT^^ 
^3 1{CV^;:7D?!J£>£^AU. 

XV 3 lrtT:)!fX*«^iJ--fi'DhD>^^i# (E 
CR) fcJcoTaeb, ::/'7Xv&^^$-&?., 

[0 0 0 9] ^^bfc7'?XT«®a3'f;U3 4tC<J;c) 
T?^J^$n-5li!|Sf^3 3tCIfi|*^5{Ctiei'imi^*tM^-r.5 
5g«ta#{c:J;-:jTtti|6f^3 3 rt»tii|BfS (CIrJjO^oT?!^ 

(lltMUaS 7 - 1 3 3 6 3 QWikm. *B«fW4. 4 0 
1. 0 5 4^^^g) . 

[0 0 10] tr^T, ±i£bfcJ;5;&:tie3feKBT?«, 

AP3 1 c»v-f i7DiSro3ia*i"Jtl^tlST*^5^ 
Jtf^XffiS 1 btXj;-s.T^?g!t^«lfcMji:^nT*3D, 
©5^:^f7X«3 1 b«$S(C-¥-®±M**3l8E«3 2® 

1 bSr«3<fc3tZj^fK3nfc^SOH)t?&*3 2 btJ; 

[0 0 11] c:©-7-i'i?nia[#AP3 i cK. v-f 
rSi^tv-f i^p?g^A^3 1 b<£^b^P*PST$.-5^ 
7X-7*^S3 iJC^ASns^v-f i'DjSdtjl^-r^ 
o-cfcS*^ :/9XT^*KS3 i®i*jgttt:*:€r$®S 
;a:SMP^M-C*SOT?a^«Bt3S:5. V'fi^p?fta:f 

7XV*^^C3IASnSIS, Z<D'^^i7UWMXU3 

1 ct^^XT^^^3 ioi*iei®:s# (aMSB) -c 
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(3) 

3 

«iS^£*-r^se7&«aig$nTVis (<*Miia6 3-31 

8 0 9 9^^ffi) , 

CO 0 1 2] 01 4»J10^tSgS:fTtJ75:t^3l5CD:/7XV 

p-r^T-ri^Dis^APs 1 civile rnsr^s-rs^^ 

iKSiHS'KiMTj^^^tifcV'f i'niS^A^4 8 ^St^ 10 
SiJ-TV^S. •r:**?-^, v-f i?Dift3!tA«4 8ttv-f 
OSWAPS 1 c i:fS«^bViitgCDR«gg4 BahZ. 
(D±m\z^ls.r) 0 U>d/^S::ft-bT:;^9Xv±i£S3 1 

J^«&bT*0, *ift^3 2 0TSS{Ciatj-&79>i?3 
2 a t^S»OH5£f&*3 2 bfCTH^SnTVi^o 
[0 0 13] :icDJ;'5;S;tJ£*^S-ctty7X-7^fKS3 
l©±gRfifcMPt--5V-fi^Djg^AP3 1 

CDSSSItd^teMStl, 7'5Xv®^fiKfei^-'fbSn«. 

[0 0 14] Vipvts-ifiib. :L<D^3^-7-i^a^mA 

[0 0 1 5] 7'9Xvwi^-'ffcS:igofelgMibT«, 30 
31 Ate abfc D T'^XVitfig^Wf^MM*^ e. T-T ^ oS[<£ 

»A-r«)«B*<ti3esnTVi«> (!^m¥2 - 32524 

^l€@#W4, 9 6 0, 0 7 3-^^^) , Z.(Dm 

[0 0 16] ciosetiJViTtt, zf'^'X-^^ma^m 
fUt^^^mr^^n^^xmzii^x. •:f'yx-^±m 

BiciBft^nrv^s, ^x\t.-:;f^XT±m^\zmm-^n 

fc:^fx^A«fcJ;oT«A$n^. T'^Xv^fS^tS 
^6:^«*S3l^>7'CJ;oTX^lc«f^Sns. :^fXS7' 
^Xv^lKSfcSAb, 7'7XT^^^tc«l!i*f!afe$ 
-B--5;tj?)tc;iaifiSn-i*;i^fcit«EligiES:ji«Eb, v-f^DS^ 
&:/7Xv^jE£^oJi;&»c^tt e.n/SiT'f njsaiA^ 

bT^A-r s c t c J; -o t:?'^ xv**^^^^ . 

[0 0 17] -^-LT, ::»SM{C*3V>T«> :/5Xv^ 
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4 

\z-z>^mm^^mzs^m-r^^vizm^-^nx\^^^<o 

:^5Xvi<«s<DrtSiS«lfc5!Se«*S!(tT, 
ei5^3'lCii5?B«7'^X'7^5!i$-1i:-5Jlt*tT^. -X^X 
•^±^^mz^^^X±i^t i.Xi^-tiX^X-7^m±-S 

^^ntfituimummttsi'DX^^^, 

[0 0 18] S^fc, Ciro^WC^feV^TttV-firaJSCD 

•X5'X'7±^^<D±i$ihv<it-mzFim'ikfHm^ 

[0 0 19] L*^U Cl©KBfc45V>T'b. T-f i7Dfe 
C5«Aec^J-«¥S;*5^:<f9XtSafe^tittiP^{f:3ViT 

[0 0 2 0] T-ri^nigwgsAfcffiabfciSBt 

bT, ^S«itov-fiJ/D?S5gA^S:*U:rcV'f i^DK 

-f^t^asSB^tftife^nTVis (*h!RfW4. 857. 
8 0 9Wxm) . 

[0 0 2 1] c:©SBlc:^^^T«, •XvX-^^^^^o^ 
v-f PiS»A«tt^f:v-f {7 n«[&«A-r«fc*®^ 
3Sa:> :/7X-7^^fllW«^©«3g*^&*3S&««-r 

[0 0 2 2] r©^B{;:*3V>T«. V'f i'DjS^A^gW 

^KJi©ii8l?.£^^s-a:^ c t let D iis^*o):/9Xv 
?&v-f 9 pa[3iAS*«J8-&-rtc5!*s-a-s 

[0 0 2 3] L*>L/. COgBt^VvTfe, T-fi^aJS 

i^c*fbT«#itsn-r, T^^XTttBS^^Tttfes** 

[0 0 2 4] -T-f i'ofero^AJcaBbfcSijoS 

BtbT, -7^ i^u^cDrnxu^zt^-yryj-r^m 

Vi;tfe(D*tffi^SnTV^«) (*a#fF4. 9 8 7, 3 4 
[0 0 2 5] ::®^BtC:6ViTttv >''5Xv^^^«:/ 

7 X V (f cD^iffii^ tr^fztb izis^^^xm^ $ 

S tlfc®«3 'f Jl/tcJ; o TT'^Xv^^^fcfflEHiSfl* 
sit, T-f i^niKS^iS'fftcSSi^snfcMIB^Jga&Si.i 
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5 

uc:*!^— ;fa:y9;Cva5§^t--5©Ta&«), z.(r>mm.\z 

[0 0 2 6] bld^b. ;i(D^atC*3ViTfc-^«0> V-f 

[0 0 2 7] *fc> T-fi^Difi^^AaB^J-fclib. te©S 

«;!>iSlgSnTV>^ (*H!RfI^4. 4 14, 4 8 S^ilf 

^leB#flF4. 4 0 9. 5 2 0-^^?a> ?ftH#fff4, 
3 9 3. 3 3 3^i:^aE) . 
[0 0 2 8] 

[0 0 2 9] JifB^^Xv^^^^fej;!;:^^ 
-f ois:/7XTj!!iagg^£:S^-r ^ <>: s a e<)a:-r 

[0 0 3 0] 

fC2|s:%ig{clS55V'f5^oia[::/'7X'7MJaSM«. -^^^ 
nS«AP*iBBPSnfc::^9Xv**£SS1i^fcV'f^ 

ngc:/^XTj!iagg{c*3ViT, ffrlBv-f ^DiS^AP 
{rB-rstSfSB::^5Xv*f!gS®i®esc. ^<r>-^mmizt> 

•5. 

[0 0 3 1] Sfc, *5gH^{C«SV-1'i7Dgt7'^XvM 

a!S«K, v-fi?n&»AP*tMPSn>i::^9Xv**£ 

Si£«t^fcv^5'Dfe7'^x-7Masgtc*5ViT, tarn 
mm^mmtmu-^'i i/ ai&mxmziem-^nxm^-^ 

nfcv-f i7P&g|ASSt> W8Sv-fi^n&#APfcS-r 

S Wffi Xv^j^^©«gBfc-€-«>^8?fMtc*5fc o T V 

[0 0 3 2] ^^Bjfc^svf ^rniS:/9Xvja, 

s^e«, vi'5'D!g«AP*JMP^nfe7'7XT*fig 
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mxm<mm\z\^^<izvrcm^m<f3:^i&^<7^mm^« 
[0 0 3 3] ^rz. ±t&^^^i7amz^^X'79mmm 

lc*iViT> :/7Xv^fiK^^t-7-f ^'DS^APSO^y^ 
X V 51 m P *^ M P 3 tlfeS tcO; o T*SSS Wiftfllii <!: ?S: 

[0 0 3 4] 

[f^ffl] ^^moy-r-i i7a^-:f^X'Tmmmmiz$>-ox 
10 V'i'i7Digo^APS:Z/^nicii^<:/^X-7^*s^ 

aab, ■7-f^'p»©i»A^H5^^>^3J:(^:^7XT^fiESl*3 

(riBB$n2.v-i'i/pjSiSjiittife«ojg4^, J?*^&^ 
-fbSii-s r t (c<t 0 ::^9X-7^^^i*i©V'f PigcD« 
ftb, :/^Xv£J^-icSS^j;<^3£Wlc 

[0 0 3 5] 

'7X-^^mmm<Dmmmmx^^. i «:/9Xv^ 

2ttJ)fSlt«, 3«Xy5^>i^J&SVitt^lR&JfiT 

[0 0 3 6] >^^Xv^^£^ 1 tt?&^zK*AS 1 a \Z^ 
S®«f*fcttv-fi?Pig«APl c*tj^*K$n> 5fcT 

50 aps^*(c»MiBT-f ^pife^AP 1 c t.n^t^&m 
icT'^xv^iaip 1 A-f)m^^fix\^^^. 

[0 0 3 7] Wfav-f ^7 PiS^AP 1 c tC^WiS'g 2 <D 

-mmiflmm^n. sfcr^^xvgitap i dtEis-B-T 

ttlEf^3*^Sei9;Sn, S{c^ffl{r«:/7Xv^^^i& 
[0 0 3 8] ^&^2<DffiffieB«ia^b;^ViV-f ^7PS 

40 ^ii*3t;:9fAt-sJ:3fcLT*s. *&®«i3-f ;i/4» 

{cJ;oTmi^^^^L, :/^Xv^^^i i^i::-x''f i^p 
^S^£«A•r^r a:{cJ;-oTy^5Xv?&^^L., SfeiirtSS 
n-f JP4 fcJ:5fi5#3&tttlEf^3 tri^*^oTa^*<«il>t- 

[0 0 3 9] K!|SfM 3 n\zn. WIB:/7Xv5ltilP 1 d 
tMi6]-rsttefcti!|ef-&7;0tiia^$ti, '^(D±.\zu^x. 
50 /\-m(Dmmi^(Dm^. 
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[0 0 4 0] -E-LT, *SISS0t|(C*5ViT«, WtBy-ri^ 
PiS^AP 1 c 1 

Sjfiei&s*^e.!5:«v-firnig*A«8. 9At^n-?n 

5fE®aig!®-7'r^P&#AS4 8 tSHWlCl^DTafe 
0, v-fi/Pifi^AP 1 c<Djtg*s<l:t;i|i{cliiS^bViR 

8 b^^ttTiP^Sn. RffigBS aSr-x'-f i^niS^AP 
1 c (C^tCttJ&^l*. *&77>i?IB8 bSrT-l-i^Pjfe 

SAP 1 c <r>9^mmmzMm^-s^ 0 u >^/■^*:/^^E^ 

R«BI5 8 a (DT^MBT'^Xv^j^ 1 oi^gSmtH- 
[0 0 4 1] Sfc, T-f irn«#AI&9«itS*t:!'7X 

^ PiSSA^ 8 «DTB{r^Lfc4^S8T:/^Xv^^^ i 

BT^^PiSe«Sife{C*3ViTtt, V-f^PlS^A®9 

I" ^e»-r ^e»{ftfi© 1 / 4 ©ss:f& i:-r -5 ;i t tc<fc 
t), ciov-f ^piSt«A®9^£-7^i'Pigt*tes-r-5^ 

[0 0 4 2] 01 {C*3tt^7'5'XV*^^l© 

rtg*t2 0 Omm. V'f ^PiS>it^iSS:2. 4 5 GHz CD 

Sn&V-l'i^PiftSA^BJP**^ 6niiD©i^, T-^i' 

[0 0 4 3] V-f i?PlSSA^fCfflVie>n.2>V-1'>?PiS 
S)H4<iJMi:L'TBS^:^t;^X. ■t^Ss/i'X (AI2O 
3 , BN) . ii»**H4ii54i-^*t*Bf (^7P>, jS'J-f5H) 

[0 0 4 4] ^7.mk%\^. ;9Xtti^?^3 gtt^n^? 

nT'^XT^^^i, is^6f^3fcjgi^$nTti^. !RF{r 
ii7sm^% \ g{i:^7Xv^*K^©±agMKt;:v<i7P 
»[SA^9 *Kan-b«e)T:/7Xv*^^ 1 rtrosmtc 
SEj^snxvi^o ?^a)7KftiSi&i^ 1 h 1 i 

fc:J;oT!^^*«A^l a|^{c:?&^*^«^$-&^. 

CDtt«Bf#7±fcK»S*«eU, y^Xv^fiESl, K 

lSf^3rtSrBfS©BE:^*T«^»^L/t^, :/^X-7^ 
^^1. ii!|sf^3rtt;»X«i|i&?Sl g, SgSaDT. 
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T, ®jKzi'rji.4ttcj;oT7'7X-7^^£sii^{c«^-y- 
-f^nhp^*!© (ECR) aetigj-s^fis^sj^iKu 

00, T-f^PiSaSA^S, 9 ^:/M^T7'^Xv^fiE^ 
1 {'-^-f^PigS^AL, ^P^lgHTfefc^T'^X-T 
^^Sl|^T;ifX*m^-y--r i^D hP>#^Ri (ECR) 

[0 0 4 5] ^^Kbfc7'7Xvtti6iln-f;i/4lc<i;oT 
JgfK3n-£.5!«t?K^{CJ;oTK^S3 (^©IS!|sf S I'lfiJ*^ 

-1'^^p^ft<7)Ml^«;^fa^5^l^ *fc::/5X-7tt^ 

[0 0 4 6] 0 2 (*2^5Sl^t^5«S'J©S^JSWI*^r«iC 

e*i»f®Ei-r*^o ;i®^jtci5(/iT. :/^Xv^^k^io 
t»©v--ri7Dis#AP 1 cfi]©M®{ca*mTVi-5T-i* 
i!'PiKi»Asgi ^\t.?m^n(ni^'iu<\'S.k,im^\^it. 

[0 0 4 7] TE.is ^-H©««5fiSl4aStti.Csgp5J. 
TfllViWT, H2tCS^$nfcJ^iR©V-fi^PiS3»AS59 
SfflViSt«iKjfil;:ML'Tl/>XS!im*^#e.n, ■?-©i® 
«^a©«^*^ffi?:t«fcJ«;^b. y^XV©!^— 

[0 0 4 8] 0 3tt2|s:5§M{C«-5t>'5-OgiJ©^Jfi«»|S 

^■r«iCW»fM0T»^, ;i©Mir*5ViT. v-f^PiS 

SASg 2 9 ©Tfl!l«B«g65)-W3*J^«;: < «AyT:fe 0 , ^ 
n»CJ:0«A«2 gttv-f ^pfeSAP 1 cKffi^-rs 

5» ffig©iP**t«/jNic;&o, ^©;?i5».«^5aicrsj*>oT«i 

-Y 2 9 a^JtT'^Xv^^K^ 1 ©fiOSiTSB® 5:^*3 
r>TVi5. ^-f 2 9 a»y9X-r^*R^lT^^K$ 

nfciT'^XTjsti/^xv^^^ 1 ©^ffl©^jsstc»n 
Tfi^S'i' * >*i5g* i^:/7Xt fc^i A$ n-Sig*^ i; 

[0 0 4 9] 53gj!;7X*<J:©^Jfifl»lTV'ri/Pift9IA 

®2 9 tL/T^ffl$n-5JS-a-< tt'-l^WiP^-ttl emmTrt 

^m<nm^^mm i 5 o iiiiii-ea&^. v-i- ^ wsmxis. 

40 2 9 ©Jpi&.©iJ-*gcVi»SjiJ^!K». «l^!t«©i)-^, 

;^xjE^('j;t9^^*n-5>^^Xv©!^tt, tts.f)%-:f 
9Xv^S-^:^9X-T®si«^©^ibfc*teii-T, »: 

[0 0 5 0] Hl~3fC^$n&SettX<;/^>>/-^J^ 

ne)^B{cse)n-5>t>©-e«;*<, T^ny^^iyf^mm. 

[0 0 5 1] fEtr±iB$nTHS<J;5tc, 
50 i7 Dig©li-&{c«#3S«©l^-tt®(^±, S^^iSitS 
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[0 0 5 2] *^?|0$e,trSijom5^tCJ:-5i:, 

[0 0 5 3] 134 at04 b«-€-n-6n*5!igfC^^-7 

[0 0 5 4] ^umsm^(D^l 0 0<D»r®co:^^ 

Sgro^l 0 Ott7'7Xvil«)-f:t>iSfll©*§-tt<£[^i]± 
L.*>L.7S:di^, v-f ^7 nig^^SO® 1 0 0 « 

n * *) o««E*«as flfio T-f ^ o jftjaaSB 
[0 0 5 5] -tetCT-f ;7p}ft{cJ;0«lf^#tiiS$n«) 

'/=7X'^m.\-m—tmm\Q\ (H5a)^io2 m 

5b) ^ti«i«j;Dfef'i:^a5T;pv^»rS (lasc) St) 

[0 0 5 6] v-f p jS^lftffioat 100 
tit i7 PiKSia*JKS:M3S^«A>e>it&SWfC5}-|«t- 
^, fco tSS7S:;ii:«. v-l" ^ P&^«lii©^ 1 0 0 

«®©^?iKTv-i'^^pis«^$3fii*^)iitT*^. 

v-f i7PJS[-fe^5yi7«S|ig<Z)j:5;a:-7'f i7 

^v-f i^pifetti^ciiigs^fiiSii-, iaecoi^-ttsi^a 
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[0 0 5 7] T'f i7 DiS^migCD^ 100 ««^-y--f 
ahP>^^qS (ECR) ::/7X-7^@tC*5W-5SJBttt» 

P?S:7'P-feX{Cffi*Dn.5^JEEgg®^l 0 Oi, -E-nSrfll 

©^Btt:/^Xv^^^i 0 4, ®«:3'f;no5. t 

'fi'P&aSgtei 0 6. 7}x->l 0 7. SJC^l 0 8. 
10 9, tti|efi^l)i«t« 110, iiTMX'^ 1 1 1 
10 <&ffl>lT^i-5. 06fC^LfcJ;-5tC, S!10 0«nigf« 
©V-f PS[©SP 1 0 6S:y7XTXy5">i^-t>:/7 
XvCVDCDffi, T'^XV^j^^l 0 4$J[^fC^oT 

viS. V'f^'p&^sgg (ia^i±-r) *>e(Dv-f i'Pis 

10 6, P3ll#?g©3i^-> 107 SaSL-, 
1 0 0 SrS-pTR^tfty'^XT^^^l 0 4(CA^. 
10 0 \t.-:f=yX'^^mM 10 4 Oitgt^bViitgSrfe 
oTV^-S), ®tl 0 OCD^Hl 0 0 att*:— >1 0 7tf© 
SPlwBU :/7X-r^*S^i 0 4(D«f'il^WAfc^iiL& 

¥BK#fi-r «». s 1 0 0 ©^H 1 0 0 b tt< 

il? -5. 

[0 0 5 8] :/^Xv^^^i 0 4©tp-c*fi£$n;fc:/ 
7Xvtt, :/7Xv*^Sl 0 4®MVi&^l 0 4 a& 
iioTSJSF^l 0 4JCA^<. »tgSttSJ«:^l 0 81^© 

t£iis}-&i 0 9 ©±{c«jtsnTVi-5. mwrn-m^wti i 

0 «««S SmAP 10 8a &aUTK»BJ-& 1 0 9 tCff 

[0 0 5 9] SJiS^l 0 8 tT/^-Xv^^^l 0 4ttm 
AP 1 0 8 bS:®L-T3i^;*#^^#a da^-B-T) ICJ; 
D«JESn^, :i!/X«j5fX*A^ 1 1 HCJ:D:?'5Xv 
50 ^fiK^i 0 4'\ii:S«*&$ta-5o *fc:<fx»SJiS^i 0 
8(C©*-«$&$n'5^L', X, SJiS^l 0 8 t:/7Xv 
^^£^1 0 4tlr#tiS&Sn-5-5, 

[0 0 6 0] f^x-^BsMM.! 0 4l^^c:fe^iT':7XA- 
sx>v5^>i'■r^fcs^)©Hi^:^4<^a (-1':t>i:9>':^ 

M *tfPe.n^. Xy5^>5'S««l^-*X>;/5^>y*t 
®:«Sn2>. X5/5^>if©J^-tt*3l^TSl:3©;&«S 
tt, T'^XT^^^i 0 4*X5;g^>^fsnS'i?xA— 
J:Dfc-ro t:*:€r<-r^;itT25^, j:©«^, :^^X 

40 •5j*/h$;fa:<effl©HiiS!»e©*^-tt*a*Kf -srttt^s 

bVi, Cl©5&}i«, Its 3" ~5" ©±#$©>^XA- 

A-©«-&, **<Bj:3x htSB©:^#$©#it*^:/7X 
v^lRSl 0 4|*i©j[2:Vi*5BJCt>fcSK*6:ft4»«©l^- 

1 0 4f^©V'f i7Pgt«:g©l^— 14SlfiI±S-e^Jlt*t 
Tfr, ■?-©Jli:fCj:DRJiSttiKjfl©*%— ItSl^iS-a- 

je:fttt^^Xv©T-fi7p SjBjBS^iieji^ & ©«iRW5J-(ll 

50 
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CO 0 6 1] Kit^^mmf:^^x-7±^^i 0 4m'c-:f 
«^«t«^-r«:itcj:t)fp&n«. mm^i-ovi o 5 

[0 0 6 2] 

[Scl] f = 2rcqBm=2. 8GHz/KG B 

( i nKG) 
q =M1-<DM^ 

[0 0 6 3] 0 7tt. ^J||gTJ^^^nfcPgj^#S«l*I 
(01 OlC^SnTVi-S.fc'SlC) TE 

ps^iftago^ 10 0 10 4 os^f 

[0 0 6 4] «ia^g«0^1.SlC*5ttSV'f ^DjS^lflM 

[0 0 6 5] 
[»2] 

1 f = O / J e — X = c / f J~T~ 
[0 0 6 6] C®<t3!^l5»*^^.. ^«Jp**liiD-r-5»C 
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[0 0 6 7] ii9a~9ett. $\-m^mmi^mxm^'h 

»ii®«*S^UTVi5. 09 a^iSI««:ifA<l^!^0;l&^>«'& 
»«S^/1^->S^L'T^>-5. 0 9 b«**5j;-g-5^fr 

'>Afcffis-r2>si«^9 s«-rsif 

[0 0 6 81 01 OttJSl 0 0<D&m^mVX\f^^. «F 

tr^i 1 2 «— :!?coffl!i(r^M 1 1 2 
^cl*^l^©<^^^;/f^Bl 1 2h^%'z>:sm^^mm-^n 

•5. S*JgO*ffil 1 2b©#gttl 0 0 cm, SI 1 2 
©ii:Stt2 0 0 cm-r?»oTt)SV». Stl l 2ttsp® l 

12a \zmtS^-r^M 112 7 ^'v' 1 1 2 c 

^t?^>■5. y'y>i^ l l 2 ctt, Sll 1 2€:®«), SSl 
1 2t®l 1 2*«S«)6nTVi*OtKj**®SI5iJ-©WlC 

50 loJK±©OU>'y©J;375:SSai^^aTK^S:iti;^ 

^m^^^^o m^iiouyififmmmi 1 2d<D[Hio 

tw«:d>n, y7>i^l 12 c (Clg^abTSnTSl 1 2 

^T'^xv^fe^^i 0 4{c®8e)s;:t*t-c^*. 

[0 0 6 9] 5151 0 0«R1ifJg*5^aJ, xfswe^ffi*^^ 

?^®«»«i^^icH£t)n5-&. ra^t:/7X-7*fiij^i 

0 4feP3fSSJ^-C, «JgTfc«d>te®»f®J^4«&"b-&5 
S!l 0 Ott««©^-hV15'->&^^StX-5tl<i 

5Ei*t?^^|gtL.T«!)<= St 1 0 0 »«fCX:?i 

}V^-t:Zf^X-7^^1 0 4(*3{cM*LVVl^'->-e 

40 te;?#Jrae<j««gT*s::^7Xv±^si 0 4 

W^t*^teS:*fcLTV>^, ®51 0 0 ttV-T nifex:^ 
;P-^-j5t3lx->l 0 7 (Dmm\Zf)>f}^t)i^'r^K)^—f3::^ 
m-vmrnmi 0 6*>e,14;«Sn«.J;'5tct--5. L;i>b;5: 
«SS1 0 6 tSl 0 0 teOMfC^^— >1 0 7® 

7tt-7'fi7niSx:?i;i/^-&M*bii^-H (fiaiAtiPJ 

[0 0 7 0] ^mMomz&nrzj^\tm^(DzfyX-7± 
50 0Si.mm-^\t-x^x-^^^'m.LELmm<Dm\zm.n&^-:f=y 
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0J%®;a:y5Xv*tKjs^i 0 8»c:5r#a$ns. l*> 
vfiifi^. 1 0 0 10 4 aiSiSS 1 

0 8®ra«)§Iffip©i&^esfe^:7'^X-s'^BT'b*S(i 

[007iJ^i00 ©l¥iffl»J^ttt>< ^ti^\tMn<r>m 
*?C*^*^oT^iS, — (Si02) , BN, 

* ) , K'ftT;l/5n'^A (AI2OS ) , i>)]/U-r (Zr 
O2) ^VifS— K'fbg^^> (TiOz) CDj;^;^:^^^;^^?!?^^ 



14 



[0 0 7 2] ® 1 0 0 K»iS4&H©¥**:Tf^«sn«) 
i^iiffSbVi, bd^b^i 0 0(4«»:oSB»*>6^S2: 

tc, ^10 0 tt^«ifeiKcoii— ®n« 10 0c t-enfc 
ti^ntcm^ loociioo d\t.ncmmmm.'w^x 

«iS*»5T#TViT'b^V». Stl 0 0tttt«fC« 

BlOOailOOb ®M:3^^Vi«— 1 

[0 0 7 3] mX\t. 1RIK1 0 0 ettSSl 0 0 b±fC 
#;^sn5«. «K!i 0 0 e tt3l^':;5R^^b'K»^-K^fc:3i 

[0 0 74] 
[^1] 



1^ € 4$ i$ 




® ^ 




3 . 5 












4 


















7 








4oorj.:i±-CT-<j^niS'^ai<ifij[xu 
















9 




;ai,o,] 




^6lr^ V i> n^^igltS ({0 1.535 cfc ») ?5lO 










2 7 




(ZrO.) 




V-Ti^nar^JlS ( 7 0 0'Cia±-Cii«lR) 




8 1 


ft < V i> ti s^iRja 


mo,} 







[007 5] 011 a- 11 gti*^0jO^C7)$^^^ 
;^J^«^^bTV>^o 01 1 a«<^^^fc^®}^l^R«l?^ 

V>eSfc5fejHir:)LTVi'5Sl 14^^bTVi^o 0 1 1 

[0076] 0iidtt< ^s^fc*^ffi>^ft^ar^ftj8n^-efes 
^11 e^^LTVi^So 011 e^^<^^^}t*^M:^^^^?^ 
TftS^i 1 rs^LTV^^o 011 f tt«i»f®?^i^iESr 



5^? 



^ $> ^ JS^f^T < ^fc*M;0^ tr a H J^T 4 O CO 
H:^BTT'^TV:^^^1 1 S^^LTV^^o 01 1 

[0 0 7 7] mi2di'^i2c\t.^^f)^<D^>.m\z^mti^ 
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\zfs.r>. :/9X■7^^KS©«t>>t^^c|Sl*^oTft»:e<J^cilS^!> 

CO 0 7 8] 012 ali^l 2 0®<{^^fc«S^l 2 0 
bo4''iL^©RiW^aB5)-*t^Sv'-;i^H 1 2 1 (c*543t) 

OfflSnTViS*SS?^©*{$:«a|&S^bTV>^o Sgl 2 0 
2 2<D:/5XV^^«3^>£)t86^< 

^^^fc'asl 2 0 b&fe-^. :/^xv^fig^i 2 2V5o io 

1 E I (DUhhjiiti^ZiM.'QiS.i 2 0©'4»tc-&*n^:: 
tS^bTtiS. ECR^«, Zz j^tC{4Bf-5. 01 

2 c «:?'7XT(0fflim^*tE C R;SC®jfi»Ttta5 12 0 
©««*&HJ;i9-ro t;*:^Vifci)e), ««| E |*tECR 

[0 0 7 9] 012 a-X?^$tXfcBagT?«, V-f^Djg 

^XT^fiESl 2 2CD:d^[B]trl£;5t^iSg2rt)OjajS«*gc 
lcSI?.n^. jajS««tt3i^-> 1 2 3 ©rtfillCDR^Jg* 
MfCj;D^«)e)n-&. ^12 OO^FMl 2 0 attsfj— > 
12 3 <Dp^m\zm\y. < U/utzM 12 0b ttr^^Xv^ 
fiK^l 2 2|*3(D7'7Xv±^S««tCML', ^n<&9i5gb 
Zf'yX-^^m'm.l 2 2«S1 2 Q<D9Vnm^lSL 
0 HO^JRS 12 4 £-&^T?lri«. S 1 2 4 CDtt«!KK 
iKAtofcSS^J-tt^l 2 0®8ltftCD«®^ffi&;fe*oTVi 

fc*t^ffl$n«), L*^L^*tP>, 012a»C^$n& 

^^{»J©[fj-e->— 1 2 1 «TE^r— KtTM^:— H 50 

—)V\^ 1 2 1 >C)«;a:Jtntf, ^^^1 2 2ro>f-i>fcj;D5fi 

v>«ll^s»5)iit*«-e€r-5*>%>bn;5:v>. Sfc, ecr 

l^Sg^f^SfcJ^cDaan-f (012 afc«^$-r) 

®i 2 o*«*ECR::^'7Xvfe^gfi-c«e*pns« 

•&««llfS3n5-5. L*^U ifffiBn-f ;H 0 5 (06C 

#^iii&-r^feii&ic^ffl$n^Ji-&, ^1 0 otty^xv^ 

[0 0 8 0] 

««tci^-;S7'9Xv**^$-a-5 t^t-c^^), 
[0®©fl8*;f5:8i?g] 

[01] ^SSWw-^JfiMfciK-SV'f i7PS[:/9Xv«i 

[0 2] *^HJ®SiJCD*JS«f!|(t#5V-l'i7P«®<DiB5IJ 

*^t-«i:w»fB0-ea&^. 50 
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[0 3] *%B^<D$e.fcSijo||SS«»H'«K-5^-i'i'nS[® 
OE^J«:^-r^SC6<)»r®0t?S) 

[0 4 ] *56?q©-SISfifi»Itc«R«-7-f 9 um&<r>mm 

i:»f®0Sr^n^n^UTVi.S, 
[0 5] tie*©-7'ri^niS^2:^-r»rM0Tfe-5), 
[06] 04 (a) SIX (b) -C^SnfcV-fi^D^^ 

[0 7] ^sMTjgissnrcRjg^jSc^f^Ta^snfc 
[08] ^«s&fe:3nj^«iftefrtT?iaie$n&-7'ri' 

■5. 

[09] (a) SI«#:ifA©;a:Vi«-&©TEii. =E 
— HJC':3ViTW««/t^' — > I E I *^UTt>«>. 

(b) ^S^2. 5CD^<^ff AOab^i^'&OTE 
11. ^— Ht:3ViT(D«i«/1^ — > I E I S:^L/TV> 

^. (c) ~ (e) tt. sf«^9Tf, mxmoi^vmm 

UTf^g*n 1 c;0^e 1 1 CN-t/hSOiaoTti^^W 
A«afe^«-&(OTEii. H^c■^^iT®mlS/"?^'- 
> I E I &^UTVi^, 

[010] 04 (a) T?*$nfc^«)lEJg*^L'TV> 
^, 

[01 1] (a) «, 04 (a) -C^^nfc^®^?^ 

(b) tt. 04 (a) Ts^snfcHsro^jgT?. <^^^/^ 

D i> !ft S « fc 56 iM 0 1/ T V » .5 ® * ^ L T V i . 

(c) K, 0 4 (a) tc^$n;^c5g»^?fT, < ^^^^c 

«®*i^fli^«T$>-5'b©S:^UTViS, (d) tt. 0 
4 (a) IC^SnfcSWiej^t?, < «A/ifc'«®*tS[«&^ 
4*Ta&S'b©*5^UTV»*, (e) 04 (a) 

LTViS. (f) tt. 0 4 (a) izm-^nrz.^<Dmm 

<^fC4r)©3^Si*iS-C^TV»St)©*^bTViS. 

(g) tt, 04 (a) ^r^3n:t5g©^J^r<^^^;/^« 

^<D^^»\t.\^^s.y }^i^<D'p.bm^^r)'Pis.\^^m&\z 
[0 1 23 0 4 (a) izm-$nrz.M<nm<^mm-v. <ii 

oTViSt>©*^bTViS. (b) «, 012 (a) <D 

n-5::<i:S:S^bTVi.5. (c) 012 (a) OZz 
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[013] zf^X'^9m.mm.<r>usi(Dm.^(omm(Di^^ 



i5 



ic v-i-i^DiS^AP 

1 ::^7Xt^^k^ 

8, 9 v<^nig[«A^ 

1 d :?'7Xv5iiap 
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[00 3] 




104] 
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--V^ — 



19 
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[00 51 



101 
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100 



102 





100 




[01 0] 
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(12) «pBB¥8- 1 0 6 9 9 4 



[0 0 7 CD 2] 
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(13) 



#5B^8- 1 0 6 9 9 4 
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(14) 



#H¥8-1 0 6 9 94 




(51) Int. CI. « 

H 0 1 L 21/3065 

21/31 
H 0 1 P 7/06 



F I 



T>lU*-&*H. *'J>'*JV'-T 95035, 
977 

T;*'J*-&*BI, ^U^*;!'— T 95075. 

y^'j-H^-i':^ 2588 



(72)^?a# #± ^ 

«!^«5=ff^fflK:*:^irr-TSlS3^ ft 

*^lP=Pf^fflE;'c^lBr-Ta l#3^ 

(72)^w# m^p mm 

m]^®=Pf^fflK:^^»r-TBl#3^ ft 
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